Background: Vegetables grown at contaminated sites can take up and accumulate toxic and potentially toxic elements at concentrations that are toxic to human health. The present study determined the levels of potentially toxic elements/PTEs in irrigation water, soil and vegetable samples grown along contaminated river and assessed the potential health risks to consumers.
Background
Vegetables grown at contaminated sites can take up and accumulate toxic and potentially toxic elements (PTEs) (e.g. arsenic, lead and cadmium) at concentrations that are toxic to human health and living organisms (Khan et al. 2008; Agrawal and Marshall 2009) . The accumulation of such PTEs is greatly influenced by the concentration of pollutant in soil, its chemical species and the physico-chemical properties of the soil as well as the vegetable's growth distinctiveness (Dudka and Chlopecka 1990) . Frequent application of polluted irrigation water could strongly influence the speciation of PTEs, decrease the soil sorption ability and hence, the PTEs are finally leached into the soil solution making them more available for vegetable uptake (Sridhara et al. 2008) . The accumulation of PTEs in the edible parts of vegetables with high concentrations could have a direct impact on the health of consumers. The bioavailability, toxicity, and reactivity of many PTEs such as As and Cr depend on their chemical speciation (Pandey and Madhuri 2014a, b) . PTEs are non-degradable, long biological half-life, less visible, not metabolized and can accumulate in the human body. On acute and chronic exposure, they cause damage to the nervous system, dysfunction of kidney, liver, lung, bladder prevalence cancer, high blood pressure, skin disorders and reproductive system (Lee et al. 2007; Kar et al. 2008; Lohani et al. 2008) . Prolonged and frequent human consumption of vegetable contaminated by PTEs Open Access *Correspondence: minsinas@yahoo.com 1 College of Natural and Computational Sciences, Haramaya University, Dire Dawa, Ethiopia Full list of author information is available at the end of the article such arsenic (As), lead (Pb), cadmium (Cd), nickel (Ni) and strontium (Sr), even at low levels, presents potential human health risks.
Urban agriculture, mainly to produce vegetables and crops, has a significant place in the city of Addis Ababa. Addis Ababa with approximately 5 million people is a prominent industrial hub and one of the fastest growing cities in Ethiopia. The old as well as new industrial effluents, public and domestic utilities in the city release untreated wastes into nearby rivers and streams. More than 160 hectares of agricultural land are annually used to grow crops and vegetables. The source of irrigation water is untreated streams and rivers. Irrigation is performed either by direct flooding the roots of the crops after diverting the river or using water motor pumping. These wastewaters could pollute the soil with PTEs and hence the vegetables and crops grown on these soils could be a potential health concern to consumers.
Currently, in Ethiopia there is no regulatory criterion of PTEs in irrigation water, soils and vegetables. However, due to businesses economic, industrial and other development activities, the levels of PTEs are increasing in the irrigation water, agricultural soils, vegetables and crops grown in and outside the city. Itanna (1998) determined PTEs in leafy vegetables grown in Addis Ababa and toxicological implications at Kera and Bulbula farms, and found that the levels of Pb and Cr at Kera farm, Ni and Mn at Kera and Bulbula farms, Zn at Bulbula farm were generally higher in soils because of the disposal of industrial and domestic wastes (Ewers 1991; Pendias and Pendias 1992) . Weldegebriel et al. (2012) studied the levels of Pb, Cd, Ni, Cr, Co, Mn, Zn and Cu at Goffa, Akaki, Peacock and Kera vegetable farms and the results showed that most of the levels of PTEs were higher than the background values for uncontaminated soils due to human activities. Even if the farmlands and along the bank of the river areas are extensively used in crops and vegetables production in the city, still very little information exists regarding the levels of PTEs in irrigation water, soils and vegetables. Therefore, the aim of this work was to determine the levels of PTEs in irrigation water, soil and vegetable samples grown along the river and its main tributaries. Multivariate statistical analysis would be employed to identify the common sources and assess the potential health risks to consumers. The results will provide invaluable baseline data for further investigation of PTEs accumulation in food stuffs, thereby improving food safety and the health of its inhabitants.
Materials and methods

Sample collection and analysis
As shown in Fig. 1 samples were collected from Addis Ababa, Ethiopia. It is geographically located at 9°N and 38°E between 2200 and 2500 m above sea level. The two major rivers in the city are the Little Akaki River with a catchment area of about 540 km 2 , which flows through the western part of the city and Big Akaki River and a catchment area of about 900 km 2 , which flows through the eastern part of the city (Fig. 1) . Most of the industries are located along the course of the Little Akaki River and its tributaries. These include leather/tanneries, textiles, battery and paints, wood works, food and beverages, pharmaceutical, non-metal and metal products, wineries, rubber and plastic products, paper and printing. The industrial wastewaters are discharged into the small river network, most often untreated. At the same time the river is used for irrigation to produce different vegetables such as swiss chard, lettuce, potato, cabbage, carrot and onion. The five vegetable farms, namely Burayu, Kolfea, Kera, Gofa and Akaki are irrigated with water from the Little Akaki River and its tributaries (Fig. 1) .
A total of 19 composite samples of vegetables; namely carrot (Daucus carota L.), Swiss chard (Beta vulgaris L. var. cicla), cabbage (Brassica oleracea L. var. capitata), lettuce (Lactuca sativa L.), Ethiopian kale (Brassica carinata A. Br.) and potato (Solanum tuberosum L.) were collected randomly from a minimum of twentyfive vegetables per sample from the five agricultural farms depending on their availability. During the same period, soil samples (ten to twenty samples) were collected randomly from distributed sampling points within the farms using a stainless steel auger (0-20 cm depth). 500 mL of water samples were also collected at five sampling sites from diversion points of irrigation using cleaned polyethylene bottles.
The vegetable samples were cut into small pieces using a stainless steel knife after thoroughly washing with tap water and finally with deionized water. They were air dried, ground and homogenized using a pestle and mortar, and then preserved in polyethylene bags in a desiccator. Vegetable and soil samples were digested fully according to the USEPA 3050B acid digestion method using the mixture of HNO 3 and H 2 O 2 (Hagedorn 2008; Dowdell and Thompson 2014) . Then each sample was analyzed in triplicate and the concentrations were determined as the average of replicates. The resulting mixture was finally analyzed by inductively coupled plasma mass spectrometry (ICP-MS) for the cadmium (Cd), arsenic (As), nickel (Ni), chromium (Cr), strontium (Sr), zinc (Zn), manganese (Mn), copper (Cu), barium (Ba), iron (Fe), vanadium (V), cobalt (Co) and boron (B) contents in the laboratory of the Inland Fisheries Ireland in Dublin, Ireland (Additional file 1).
Quality control and quality assurance
For the validation of digestion procedure and ICP-MS instrument operation conditions, standard reference materials were included in every batch of sample analysis. Procedural blanks were included in each batch of samples. All of the analyses were duplicated to ensure the representativeness of the quantitative results. Calibration curves were regularly performed to evaluate the performances of the analytical methods and instruments. Certified reference materials, spinach leaves SRM 1570a for vegetable and San Joaquin soil SRM 2709a for soil obtained from the National Institute of Standards and Technology (Gaithersburg, MD, USA) were used to test the accuracy of the metal analysis. The percentage recoveries of the PTEs in the standard materials with known concentrations ranged from 78.88% to 119.6%, indicating satisfactory recovery. The sample solutions, standard solutions, wash solutions and quality control standard solutions were made in a 0.5% HNO 3 . All polyethylene bottles were washed with detergent, followed by repeated rinsing with distilled water and soaked overnight in 10% HNO 3 for 24 h and finally rinsed three times with doubly deionized water. Until collection, dried sample containers were kept in sealed polyethylene bags.
Data analysis of vegetable consumption-associated health risk assessment
Bio-concentration factors (BCF)
BCF is an index of the ability of a vegetable to accumulate a particular PTE as a function of its concentration in the agricultural soil (Cui et al. 2004; Khan 2013) and was calculated as follows:
where C vegetable is the total concentration of a particular PTE in the vegetable (mg/kg), and C soil is the corresponding PTE concentration in the soil habitat of the vegetable (mg/kg). The higher the value of BCF, the more available the PTEs. Hence, the high BCF values may indicate potential risk to consumers.
Daily intake of potentially toxic elements (DIM)
The daily intake of PTEs was calculated to estimate the average daily PTE loading into the body system of a specified body weight of a consumer. The daily estimation through the consumption of vegetables depends on element concentrations in vegetables, the amount of daily vegetable consumption and body weight which (1) BCF = C vegetable C soil Fig. 1 Sampling sites of the study area in Addis Ababa was calculated according to the equation (Cui et al. 2004; Chary et al. 2008; Khan 2013): where C metal = mean element concentration in vegetable (mg/kg) and D vegetable = daily vegetable consumption/ intake (kg/day-person) and BW = average body weight (kg). The average daily vegetable intake for adults and children was considered to be 0.345 and 0.232 kg/(person-day), respectively, while the average adults and children body weights was considered to be 55.9 and 32.7 kg, respectively (Ge et al. 1996; Wang et al. 2005; Khan 2013 ).
Hazard quotient (HQ)
The HQ for the consumers through the consumption of contaminated vegetables was derived as the ratio of daily intake of PTE to the oral reference dose for each element using Eq. 3 (USEPA 1993 (USEPA , 2002 Chary et al. 2008) . If the value of the hazardous quotient is less than 1, then the exposed consumers are assumed to be safe, if the hazardous quotient is equal to or higher than 1, and is considered as a level of concern or not safe for human health (USEPA 2002 (USEPA , 2013 .
The oral reference dose (R f D) is an estimate of a daily oral exposure for the human population, which does not cause deleterious effects during a lifetime, generally used in USEPA's non-cancer health assessments (USEPA 2008) . The R f D values for Cd, Ni, Mn, Fe, Cu, Zn, As, Sr, Ba, B and Cr are 0.001, 0.02, 0.14, 0.7, 0.04, 0.3, 0.0003, 0.6, 0.2, 0.2 and 1.5 mg/kg-day, respectively, these were taken from Integrated Risk Information System (USEPA 1997 (USEPA , 1998 (USEPA , 2002 (USEPA , 2004 (USEPA , 2005 (USEPA , 2008 . The value of R f D for V (1.8 mg/kg-day) was taken from WHO (2004) . There is no consensus about the R f D for Co, the oral reference dose for Co was taken as 0.043 mg/kg-day from Food and Nutritional Board (2004) .
Hazard index (HI)
Hazard index has been developed to evaluate the potential health risk to consumer through more than one PTE (USEPA 1998). It assumes that the magnitude of the adverse effect will be proportional to the sum of multiple metal exposures and linearly affect the target organ. It was calculated by summation of hazard quotients of all elements for each vegetable as follows (USEPA 1998; Jolly et al. 2013a, b, c; Geetanjali and Chauhan 2014). (2)
HI = HQ = HQCr + HQMn + HQFe + HQCu + HQZn + HQSr + HQCd + HQBa + HQB + HQV + HQCo + HQNi
Statistical analysis
Analysis of variance (ANOVA) was applied to assess significant differences in PTE concentrations at the various sampling sites. The homogeneity of variance and normal distribution of PTEs in sample stations were tested by using Levene statistic and the Shapiro-Wilk methods, respectively. Multivariate analysis of the element concentration dataset was performed through principal component analysis (PCA) and cluster analysis (CA) techniques.
Results and discussion
Levels of PTEs in irrigation water, soil and vegetables
The PTEs concentrations found in the agricultural soil and irrigation water samples analyzed and comparisons with the guideline values are presented in Table 1 . Those investigated are of increasing concern due to food safety issues and potential health risks, as well as pollution of nearby rivers and streams (Weldegebriel et al. 2012 ). The PTE concentration varied according to the sampling location of the study areas. The higher concentrations of Mn, As, Ba, Cd, Pb and Zn found in Kera soil could likely due to the influence of industrial wastes such as Kera Abattoir, municipal wastes and domestic wastes that joining the Kera stream. Most of the industries are established along the course of the Little Akaki River and its major tributaries. These include tanneries, breweries, wineries, distilleries, pharmaceutical and national alcohol liquor factories. The concentrations of Mn, As, Ba, Cd, Zn and Pb were relatively higher in the river water samples analyzed at the same agricultural sampling site. These showed that the influence of irrigation water on the elemental levels of the agricultural soil of the study areas. Among the elements, the concentrations of Cr and B in Kolfea, Mn in Kera, Kolfea and Akaki farms were higher than the maximum concentration limits given for irrigation waters (Ayers and Westcot 1994) . Previous reports also revealed that mean concentration of Cd, Co and Cu in Akaki, Mn in Gofa, Cd, Co, Cu, Mn and of Zn in Kera farms (Weldegebriel et al. 2012 ); Cu and Mn in Kera River (Itanna 1998) were beyond the maximum concentration limits given for irrigation waters. The presence of high amounts of these PTEs in irrigation waters may increase their concentration in soils, which in turn may increase metal uptake by plants ultimately leading to elevated concentrations in the vegetables. The possible sources of pollution for potentially harmful elements in the river waters of the study areas may come from industrial effluents, direct solid or liquid waste deposal and urban emissions.
The average PTE concentrations of the soils in Kolfea farm for Cr and Ni were found to be higher than the maximum values of relevant guidelines (Ewers 1991; Pendias and Pendias 1992) . Cr concentrations in all farms were also higher than 11 mg/kg of the standard limit set Table 1 , the average result of Ba was lower than 500 mg/kg of the standard limit (CCME 2007). The concentration of B in Kolfea farm was higher than 2 mg/kg given on soil guidelines (CCME 2007). The concentrations of As in the soil samples studied were found to be higher than 0.11 mg/kg of the standard limit set by the USEPA (2002). Cd, Co, Ni and Mn concentrations in the agricultural soils were found to be higher than the average background soil concentrations given for uncontaminated soils (CEPA 1995) , but the levels of Fe, Co, Pb, Cd, Zn, Mn, V and Cu were lower than the maximum permissible levels given on soil guidelines (Ewers 1991; Pendias and Pendias 1992; USEPA 2002; CCME 2007) . The variability of PTEs from different sampling sites of the agricultural soils and river water sample could be due to the direct solid and liquid waste discharge from industrial effluents and urban emissions, municipal and domestic activities, geologic deposits and agricultural practices.
The average concentrations of PTEs in the edible parts of vegetable in all farms are presented in Table 2 . A statistical test of using ANOVA showed significant differences (P < 0.05), at 95% confidence interval, between the levels of all PTEs in vegetables obtained from the sampling sites with the exception of Cr, Cd and Ni which showed no significant differences (P > 0.05). These could be due to the differential absorption capacity of vegetables for different PTEs. Swiss chard, lettuce, cabbage and Ethiopian kale represented the edible vegetable leaves, thus above ground, and the root vegetable (carrot) and tuber vegetable (potato) represented edible underground vegetables, the latter having more contact with potential soils. Mn, Fe, Zn, Sr, Ba and B were always abundant in the vegetables studied, whereas Cr, Cu, As, Cd, V, Co and Ni tended to be taken up by all vegetables to the least extent (Table 2) . Zn, Ba and B concentrations were moderate in uptake by all vegetables, except Ba and B which were lower in potato. The uptake of Fe was observed to be high for all vegetables. The uptakes of Sr by Ethiopian kale and Mn by Swiss chard were high. The uptake of Mn was moderate in Ethiopian kale, lettuce, cabbage and carrot while there was lower accumulation by potato.
The contamination levels in other metal polluted vegetables from various regions of the world are given in Table 3 . The following PTEs of this study were relatively higher than values from the other studies: Cr, Mn, Cu and Zn concentrations in Swiss chard (Itanna 1998; Fernando et al. 2012; Weldegebriel et al. 2012) , Mn concentrations in both cabbage and lettuce (Itanna 1998; Song 2009; Abdul et al. 2011; Boamponsem et al. 2012; Fernando et al. 2012; Weldegebriel et al. 2012; Adeel and Riffat 2014; Lente et al. 2014) , Cr, Cu, Zn and Ni concentrations in carrot (Boamponsem et al. 2012; Fernando et al. 2012; Adeel and Riffat 2014) and Cr, Cu and As concentrations in potato (Song 2009; Fernando et al. 2012; Adeel and Riffat 2014; Kifayetullah et al. 2014) (Table 3 ). The current results also showed higher concentrations of Cr and Zn in Ethiopian kale than the previously reported values by Weldegebriel et al. (2012) . Cd, As, Ni and Cr were considered to be probable causes of carcinogenic risk to human beings even at low concentrations.
Principal component and cluster analysis
The Kaiser-Meyer-Olkin test value (0.71) showed that PTE datasets in vegetable samples were suitable for principal component analysis. In the Bartlett's test of sphericity, the significance level (σ = 0.00, df = 78) which was less than 0.05 showed that there were significant relationships among variables. The 13 variables (PTE concentrations) of the 19 vegetable samples were used as the multivariate dataset. The scree plot was used to identify the number of principle components and showed pronounced change after three eigenvalues of 7.15, 2.40 and 1.21. A biplot of the principal component analysis loading is presented in Fig. 2 . The communalities of the variance with high values (0.62 _ 0.92) indicated that the extracted factors fit well with the factor solution. The first three principal components represented about 82.78% of the total variance in the vegetable datasets from eigenvalues > 1. PC1 with 54.99% of the total data variance had a strong positive loading of Fe, Co, Cu, V, Cr and Ni, and moderate loading of As and Zn. PC2 accounted for 18.48% of the total variance, with a strong positive loading of Cd and Ba, and moderate loading on Sr, Zn and Mn which infers the strong correlation between these PTE pairs. PC3 was associated with the 9.31% of total variance with a strong loading on B and moderate loading on Ba.
Cluster analysis was also applied to the data based on 13 variables for 19 vegetable samples. Four clusters have defined at a distance of 0.5 (Fig. 3) . From the cluster analysis result, it could be concluded that there was a strong correlation between Cr, Fe, V, Cu, Co, As and Ni pair which was in good agreement with PC1 (Fe, Co, Cu, V, Cr, As and Ni), Mn, Ba, Zn and Cd pair showed a good agreement with PC2 (Cd, Ba, Zn and Mn), confirming these variables had a strong interrelationship (Faisal et al. 2014) . 
Inter-elemental correlation analysis in water, soils and vegetables
In an attempt to understand the effect of concentrations of PTEs in the water on the soil and vegetables, Pearson correlation analysis was done. Likewise, correlation analysis was made to determine if concentrations of PTEs in the soil had an impact on the vegetables. The results demonstrated that the soil concentrations of Cr (r = 0.79) with Cr in lettuce, B (r = 0.98) with B in Kale, B (r = 0.94) with B in Swiss chard, Ba (r = 0.89) with Ba in potato, Mn (r = 0.99), Zn (r = 0.99), As (r = 0.99) and Cd (r = 0.80) with the contents of Mn, Zn, As and Cd in carrot, respectively showed a strong positive correlation. A strong positive relationship indicated a common source of PTE input and also implies that as the soil receives a high load of PTEs via anthropogenic sources, the accumulated PTEs are absorbed by vegetables grown on the soil and bioaccumulated into tissues. Also relatively moderate positive correlations were found between the soil concentrations of Mn (r = 0.67) and Zn (r = 0.62) with the contents of Mn and Zn in Kale, Cu (r = 0.54) with Cu in lettuce, Cr (r = 0.66) and Co (r = 0.62) with Cr and Co in Swiss chard, Co (r = 0.68) with Co carrot, respectively. The concentrations of PTEs in the water had also a positive correlation with the levels of some PTEs that were found in the soil and vegetables. A strong positive correlations were found between soil concentrations of Sr (r = 0.80) with Sr in water, B (r = 0.99) with B in water, water concentrations of Cr (r = 0.91) with Cr in lettuce, Cr (r = 65) with Cr in Swiss Chard, Mn (r = 0.79) with Mn in potato, Fe (r = 0.65) with Fe in carrot, Cu (r = 0.81) with Cu in Ethiopian kale, Zn (r = 0.83) with Zn in potato, Co (r = 0.98) with Co in potato, B (r = 0.99) with B in Ethiopian kale and B (r = 0.98) with B in Swiss chard. As levels PTEs increase in the water, so do the levels rise in the soil and in the vegetables.
Potential health risk assessment Bioaccumulation factor (BCF) of PTEs from soil to vegetables
From Table 4 , B and Sr had higher BCF values for all types of vegetables analyzed in the study and ranging from 33.767 (potato) to 353.901 (Swiss chard), and from The values of BCF for Cu, Zn, Cd and Ba were quite high in most of the vegetables. In contrast, the BCF values for V, Ni, Fe, Mn, As, Cr and Co were medium to low. Those PTEs which had high BCF values make their way to the edible part of vegetables easier than those into low BCF values (Khan 2013) .
Leafy vegetables (lettuce, cabbage, Ethiopian kale and swiss chard) showed the higher BCF value than the root vegetable (carrot) and tuber vegetable (potato) for all analyzed element (Table 4 ). The higher growth and transpiration rates of the leaf plants may account for the higher accumulation of toxic elements in their tissues. The present result agrees with the investigation done by (Jolly et al. 2013a, b, c) in the vegetables from the agricultural land at Ruppur area of Pabna District of Bangladesh, where the bioaccumulation factors for heavy metals were significantly higher for leafy vegetables. The difference in the BCF values between elements could be related to bioavailability of the elements, the nature of the soil, their chemical forms, the difference in uptake capability and the growth rate of different vegetables (Cui et al. 2004; Zahara et al. 2014) .
The higher growth and transpiration rates of the leafy plants may account for the higher accumulation of PTEs in their tissues (Tani and Barrington 2005) (Khan et al. 2008; Jolly et al. 2013a, b, c) . Although the mean values of V, Ni, Fe, Mn, As, Cr and Co were high in soil, the transfer BCF values were very low compared to other PTEs in all vegetables, which may be related to the low concentrations of the PTEs in the vegetables. Very low BCF values for V, Cr, Mn, Fe, Co, Ni and As in various vegetables were also reported by (Jolly et al. 2013a, b, c) in the agricultural land soils in the Ruppur area of Bangladesh. Therefore, these data clearly showed that, depending on the contaminant of interest, one could recommend which vegetables should be grown to reduce the risk of human exposure to soil contaminations.
Daily intake of potentially toxic elements
As presented the mean daily intake values (Table 5) for Mn in Ethiopian kale, lettuce, cabbage and swiss chard, Cu in lettuce, swiss chard and carrot, As and Fe in all the (2004) . The highest intakes of PTEs were from the consumption of lettuce and swiss chard for both adults and children. Therefore, consumption of lettuce and swiss chard, in particular, may pose severe health risks. The estimated mean dietary intakes of Zn, B and Sr were close to the R f D for both adults and children through vegetable consumption in this study. All the estimated mean dietary intakes of Co, Ni, V, Cd and Cr were well below the tolerable limits (Table 5 ). The degree of toxicity to human being depends on the daily intake of PTEs. PTEs such as Cu, Zn, Fe and Mn are nutritionally essential elements since they play an important role in biological systems. Thus, poor health can also be caused by a lack of the required elements. However, the R f D provides guidance on safe intake levels.
Hazard quotient
The hazard quotient (HQ) for selected PTEs through the consumption of Ethiopian kale, cabbage, lettuce, swiss chard, carrot and potato for both adults and children are summarized in Table 6 . The mean HQ values were greater than 1.0 (HQ > 1) for As and Fe in all the vegetables except potato, for Mn in Ethiopian kale, lettuce, cabbage and swiss chard, for Cu in lettuce, swiss chard and carrot, for Zn in lettuce and swiss chard and for Ba in Ethiopian kale and swiss chard for both adults and children (Table 6) . Therefore, Fe, Mn, Cu, As, Zn and Ba contamination in vegetables would pose a health risk to consumer Jolly et al. 2013a, b, c) . The solubility, and hence the bioavailability and toxicity of As depend on its oxidation state. The inorganic As compounds are more toxic than organic compounds, trivalent As are more toxic than pentavalent As (Pandey and Madhuri 2014a, b) . The data are limited to the health effects of Fe, Mn, Cu and Ba in humans, but the results from the present study showed that its average daily intake values were greater than (Table 6) , thus posing little risk. The sequence of the mean HQ values for adults and children were Fe > Mn > As > Cu > Ba > Zn > B > Sr > Cd > Ni > Co > Cr > V (Table 6 ). Huang et al. (2008) also reported the same HQ values trend (Cd > Ni > Co > Cr) in vegetables irrigated with wastewater in Kunshan, China.
Hazard index
The potential risk could be multiplied as the PTEs may result in additive or interactive effects (Wang et al. 2005; Huang et al. 2008) . In the present study, the sequence of HI was swiss chard > lettuce > cabbage > Ethiopian kale > carrot > potato for both adults and children (Table 7) . The relative contributions of Ethiopia kale, lettuce, cabbage, swiss chard, carrot and potato to the aggregated health risk were 15.20%, 21.44%, 15.56%, 31.09%, 11.16% and 5.56%. The contributions of lettuce and swiss chard were higher than other vegetables. The HI values of carrot and potato indicated a low potential health risk to consumers. The relative contributions of Cu, Zn, Sr, Cd, Ba, B and Ni to the aggregated health risk were 10.50%, 6.64%, 4.32%, 3.88%, 9.00%, 5.68% and 3.26%. Cr, Co and V contents were minimal, only 0.08%, 0.27% and 0.02%, which may be related to the high oral reference doses of 1.5, 0.043 and 1.8 mg/kg-day, respectively. Minimal contributions of Cr to the aggregated risks via consumption 
